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ELECTRICAL DEVICE FOR SOLVING SYSTEMS
OF LINEAR ALGEIRAIC EQUATIONS , )
Prof E. A. Mayerovich Dr Mech Sci
Power Inst imeni Krrzhirhanovekly
. Acad Sci USSR
ﬁigare is e.ppendeg]
Many authors have proposed wetheds o” constructing elzctrical syatems for
solving algebralc equations. One of the simplest eystems of this type is that
of H. Bode. Bt since the ratios of magnitudes in electric circulte aatisfy
the principle of reciprocity, Rode's scheme can be applivd anly in cares where
the matrixr of the coefficients is symmstricel, Other authors have avolded
this difficuliy by intiroducing iransformexrs into their systems (R. Maltonk,
V. Bush) or as elements replacing transformer-amplifiers (L. I. Gutenmcher!.
Plans were nlso proposed which permitted a.?plicatiom of iterative methods of
solving equations {K. Samsonov, V. Proshko} . It hes teen proved possible to
construect sn automtic device of genmeral form for this purpose {L. I. Gutemmwchor).

However, these schemes are somparatively complicated. They call attertimn
to the possibility of producing simpler schemes .

Belov we shall describe a device vhich permite the golution of egations
of a general form. The fundamental merit of the device 1# 1ts extraordinary,
sin;plicity.

M. Reck's schems is the nearest approach to the idea of the achume
described below, but differs from it in some essential particulars.

Description of the Device

The cirocuit of the device for solving a system with three eguatioms
with thres waknoens 1 chewm in the eppended diagram.
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The relﬁ.ﬁaﬁ betwveen the electrical quantities in thie circuit are
. expressed by uigik = Ik (k ¢« 1,2,3; summtion ccmvention) cr in expanded form:: . .:

U8y F gz ok usesy + Iy, L
were -+ voloe - msese f Ip, e
W85 + Ugles -t wz3 4 I ‘ ;

Using the conductivity gik for the cosfficlent of the eguation and the
current Iy for the right sides of the oquaticoms, we note lmmediatoly thmt AT
ths voltags U, acting om the circuit, satisfy & system of algebraic oquaticaa, :
Henos, tie problem of solving a system of algebraic equaticms with the ald of
the scheme in the illustration lesds to determinztice of voltages of such value
that current I will have the assigued value in advance. With correspond fngly
increoaged numbers of elements, the schEmws can be-adapded 4o saive a pystem with eny
arbitrary nurber of wuknown gquantities. . ’ .

We are not interested here in somstructing a practicable layout ox
gelocting a method of messuring the electrical magnitudes in it. The layout
can be built up £ an alternating current, and in that case the ccefficients
of the squatians can also include compliex values. So tha the coefficients
of the equatione may acquite negative values, it 18 necessary that the sources : ..
of the current, im edditiwm to the terminals with pos tive voltage values, '
should alsc be supplied with terminals with negative voltage values, In &
change of voltages, tho absolute values of the voltages +u and -u should
alvays remain idemtical.

Comparing cur scheme vith that of Reck, we see that the latter adopted
a different grouping of reeistsnces. (When we rrepared this satur, ve were
not avare of Reck's wark. 1. S. Bruk, Corresponding Member, Academy of
Sclences USSR, called it to our attention. Because ~f the imdicai~d easential
differauce detweemnthd dévide whiad we_ have pyoposed and Reok®8, we-coneidered
it expedient to publish our article.) Fir this resson it sesms necegsary to
take, as the sought-for unknown values, the camductivities of the circuit,
viich play the pert of coefficienta in our scheme, instecd of the voltages.
dence, with Reck's device only those aystems of squaticns ¢ he aolved in
vhich the signs of the unknown wuantities sowghit for are known = “rrehcnd.
Compared with the scheme described sbove, the posaihilities of 29plying this
device are extremely limited. It 1s also nct a very successiul soluticn of ..
the problem of developing a suitable method far finding the wpknown quantities.

Derivation of the Soluticn

« Each process of the scheme carresponds to some system of squations the
right side of which comsists of the assigned currents Ix. I, in the process
of eolation, ane of tke vcltages Uy is rsgulatéd, then all the currents will
change at the pume time.

For a solutien of a given system it 18 poesible to wse Seldel's pl=n *
of sucoessive approximations; which 1s frequently employed by calculators.
In fact, by conmecting the voltage control of each of the currenmt sources
witk the carreaponding curremt Iy, we can alternately ostablish these cwrrents
at the value asmignpd by the equatims. Seidel’'s method of solution means
seeking the carrespanding approximats value of the unknown quantity of ome
lire of the system ani 8imltanecusly substituting this value in all the
other lines. Naturally, such an arder of solutions can be made autamatic.
Of ccares, vhan this sccurs, all the shartcanings vhich are characteristic
of Seidei's iterative process mske their appearance. But 1n dexriving a
solution vith the air of sn experimental device similar to the one described
above, the calculatar 18 better off than in making the calculations am paper,
and s will find maoy sdvantages iu using Buch a device.
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Let us now sxsmine the defocta of the proposed device. The problem of
errcar arises in every caloulating machine. The gonree of errar may 1im in
inaccuracy in fixing *he coafficients or in the acticn of individual perts
of the machine itself. Besides this, vhen the equations ars being solved
sxperimantally, inaccuracy in messurements may 8lso be & source of error.

Possible sources of error in the schems under conglderation are:
‘(1) inmocuracy im estatlishing the coefficients; {2) a drop in the voltage
cn the lines; {3) ipaccuracy in measurements.

Errors in establishing the cesfficients ars designated by the act that
it is poasible, with the conductivities, to agsign a lim'ted number of algne
determined by the precision of the calibration. The use of & mltidecade
resistance box to set up the conductivities dose not mmke any Ilncremsse in
socnracy poseible dus to ths increase *n nuwgher of decades; with a large
number of docadss an exrror in the first decade as a rosult of inaccwracy
in the calibration may sffect the other decades. Thims type of error ocours
in nesxly all elestric caleulating mchines.

An error in the roots, regardless of the number of equations in the system
40 ba solved, 18 a limear function of error in the coefficlants. In the
geaerel case, the mumber of “true signs” for the roots-depends not dmly oa’ the
number of true signm Tor the coefficlents, but also upon the co.fficients of
the equation themselves.

In & pumbsr of problems often emcountered in engineering, it is possiole
to put the mystem of egquations to be solved in such a form that the number

signs Do the coefficienta,

of true signs for the roois equais iho auiiver of Wus signs

Error causad by a drop in voltage cuu be measured and taken intc account.
Error in measurements cen also be reduced to a minimum in sccordauce with the
shoice of tne pethod used. A more detailsd study of error is not pertinent
to tre presemt article. Let us remark only that all the sources of error can be
=asily inepected and calculated.

[Kppemdod diagram follovs _7
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